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Abstract 
The usage of ramjet engine is very important in the missile and aircraft propulsion. When it is cruising at supersonic 
air velocity the flow characteristic of the ramjet engine produces a shock wave. This formation of shock wave will 
raise the pressure of the upstream airflow in front of the inlet cone. This pressure rise with reduced air speed is 
suitable for the subsonic combustion of the ramjet engine. The cone will help to change the area of the ramjet engine 
inlet and mass flow rate of the incoming pressure raised air. The change in mass flow rate of the inlet leads to the 
variation in thrust production. This engine is integrated with a convergent-divergent nozzle to produce supersonic 
velocity at the nozzle exit.   This variation in thrust production is to be studied in detail. In this project, the variable 
inlet area ramjet engine design and model is investigated. In order to predict the thrust value for variable inlet area 
ramjet engine by using commercial numerical codes. The increment of thrust value will be expected by using the 
variable inlet area ramjet engine, which means it attains more thrust. 
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1. INTRODUCTION 
Ramjet engine is one of the air breathing engines 
which is wildly used in the fighter aircraft and missile 
applications. It works based on the principle of Ram 
effect. The combustion process in ramjet engine 
occurs at a subsonic air velocity with increased air 
pressure. This is done with the help of inlet cone in 
the supersonic diffuser and also it helps to change the 
mass rate of the engine. Variation in mass flow rate 
of air and fuel will create variation in exhaust 
velocity. From that velocity, we can calculate thrust 
value produced by the engine. This engine has a 
flame holder in the combustion chamber to stabilize 
the flame propagation for the continuing combustion 
process. The hot gas produced in the combustion 
chamber is allowed to expand through a convergent- 
divergent nozzle with supersonic velocity. 
2.  NEED OF VARIABLE INLET AREA 
RAMJET ENGINE 
At higher altitude the density of the is reduced that 
time the mass flow rate of the ramjet engine is 
automatically decreases why because the mass flow 
rate is the product of air velocity, density and inlet 
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area of the engine. (Reduction of air density leads to 
reduction in mass flow rate).In order to compensate 
the mass flow rate the incoming area is raised by 
using the inlet cone. Raise in the inlet area allows 
more quantity of air to the engine. 
3. OBJECTIVE AND SCOPE 
The main objective of this paper is the prediction of 
variable thrust produced by the ramjet engine for 
different mass flow rate of incoming air and fuel to 
the engine operation. The scope of this variable inlet 
area ramjet engine is more in missile applications. 
4. MODELLING PROCESS 
The model of the ramjet engine is designed in Catia –
V5 modeling software with many constraints. The 
dimension of the model is clearly mentioned below. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table:1 Dimensions of each component 
 
Figure: 1  Variable inlet area ramjet engine 
5. MESHING 
The ramjet engine model is meshed in Ansys fluent 
software by using triangular meshing elements with a 
regular interval of 0.471mm. After the meshing 
process of the model a domain will be generated and 
the model is located inside the domain to capture the 
pressure raise at various locations of the model. The 
mesh of the variable inlet area ramjet engine is given 
below. 
 
Figure: 2  Mesh structure of variable inlet area 
ramjet engine with domain 
6. ANALYSIS PROCESS 
The variable inlet area ramjet engine is analyzed by 
using the Ansys fluent 15.0 software. The Ansys 
fluent software is one of the important tools used for 
analyzing the flow properties and combustion 
properties. 
Sl.No 
Component       
name 
Area  
(cm2) 
Length  
(cm) 
1 
Supersonic 
diffuser 
32.15 1.4 
2 
Combustor 200.96 37 
3 
Entry of  
Convergent 
section 
200.96 11 
4 
Exit of 
Divergent  
section 
243.38 15.5 
5 
Inlet cone 50.24 19 
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6.1 Boundary Conditions  
The model was simulated for the following boundary 
conditions. 
1) Atmospheric Air Pressure is 1 bar. 
2) Atmospheric Air Density is 1.225kg/m3. 
3) Atmospheric Air Temperature is 25degree Celsius 
4) Atmospheric Air Velocity of 375 & 400 m/s. 
These are the boundary conditions were applied 
during the simulation of the variable inlet area ramjet 
engine model in Ansys fluent software. 
6.2 Flow analysis 
From the following two diagrams we can clearly 
understand the flow characteristics of the model. 
 
Figure: 3   Pressure contour of variable inlet area 
ramjet engine 
From this picture we can clearly understand that 
pressure is raised in the inlet cone portion of the 
engine due to the formation of the normal and 
oblique shock wave. This pressure raise is suitable 
for the ramjet engine combustion process. 
 
Figure: 4  Velocity contour of variable inlet area 
ramjet engine 
From this picture we may understand that upstream 
air velocity in the supersonic range of the engine is 
reduced into subsonic range. This reduction in air 
velocity is mainly due to the formation of a shock 
wave in front of the inlet section. 
6.3 Combustion process 
The combustion analysis is carried out withs the 
ramjet engine for different mass flow rate of air and 
fuel. In this combustion analysis methane gas is used 
as fuel for the engine. 
 
Figure: 5   Temperature contour of variable inlet area 
ramjet engine combustor 
From this picture we can understand the temperature 
rise up to 1200K in the combustion chamber. It 
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means the combustion process occurred in a very 
good manner. 
 
Figure: 6   Nozzle exit velocity contour of variable 
inlet area ramjet engine 
In this picture it is clear that the velocity at the nozzle 
exit lies in the range supersonic speed so the nozzle is 
delivering the suitable hot gas velocity at the nozzle 
exit. 
7. RESULTS AND DISCUSSIONS 
We have calculated the thrust value which is obtained 
from the nozzle exit velocity for different mass flow 
rate of air and fuel to the variable inlet area ramjet 
engine. The calculated values are listed below. 
Sl.No 
Mass 
flow rate 
of air 
(kg/s) 
Mass 
flow rate 
of fuel  
(kg/s) 
Nozzle 
exhaust 
velocity 
(m/s) 
Thrust 
developed        
(N) 
1 0.7 0.05 2551 1913.25 
2 1.4 0.1 2624 3936 
3 2.1 0.15 3271 7359.75 
4 2.8 0.2 4437 13311 
 
In this table, we can identify that the nozzle exit 
velocity is raised when the mass flow rate of air is 
raised with a small increase in the fuel rate. 
We have plotted two graphs for the total mass flow 
rate to the nozzle exit velocity and total mass flow 
rate to the thrust value. 
 
Graph: 1 Rise of nozzle exit velocity for increased 
total mass flow rate 
From the first graph we can understand that the 
variation in nozzle exit velocity is linear with respect 
to total mass flow rate of the engine. 
 
Graph: 2 Rise of thrust value for increased total 
mass flow rate 
From the second graph we can understand that the 
variation in thrust production is linear with respect to 
total mass flow rate of the engine. 
8. CONCLUSION  
The variable inlet area ramjet engine is suitable for 
aircraft and missiles. Variation in the mass flow rate 
of incoming air as well as fuel plays a major role in 
the production of nozzle exit velocity and thrust 
value. From this analysis, we can understand one
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which is very clear. The increase in mass flow rate of 
air with same quantity of fuel produces increased 
velocity in the nozzle exit, and there is no production 
of lift force on the model for the simulation of 
supersonic air velocity. And also for the same 
quantity of air flow rate we can add more fuel up to a 
certain limit to increase the nozzle exit velocity.  In 
future we have plan to find out the fuel supply 
limitations for a fixed mass flow rate of air at the 
inlet. 
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